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1. Introduction
As RAN approved a new Rel-14 RAN4 WI [1] “Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements for LTE”, RAN4 started discussion for enhanced SU-MIMO performance requirement in RAN4 #80bis. As a first step, RAN4 is supposed to investigate performance benefits and feasibility of using SU-MIMO IM receivers for the scenarios with 4 receive antennas UEs. RAN4 agreed a WF [2] and simulation assumption [3] to initiate simulation study. 
In this contribution, we provide simulation results based on WF and our view on performance benefits and feasibility of enhanced SU-MIMO receiver. 

2. Discussion

2.1. Enhanced SU-MIMO receiver for rank 2 PDSCH
In Rel-12, RAN4 specified PDSCH demodulation performance requirements for type C UE with SU-MIMO receiver. RAN4 work for SU-MIMO receiver targeted for rank 2 PDSCH demodulation performance improvement over baseline MMSE receiver. As the outcome of WI, RAN4 introduced following PDSCH demodulation test. 
· TM3 PDSCH demodulation test in EVA70 medium correlation channel

· TM3 PDSCH demodulation test in EVA70 medium correlation channel in the presence of TM1 interference
· TM4 rank 2 PDSCH demodulation test in ETU70 medium correlation channel
· TM9 rank 2 PDSCH demodulation test in EPA5 medium correlation channel

Note that all tests are defined for 2x2 antenna configuration. 
In WF [2], it was agreed to evaluate following scenarios for rank 2 PDSCH demodulation performance of 4 Rx UE. 

Candidate scenarios for initial analysis
· Transmission mode
· TM4 with 2Tx and 4Tx
· TM9 with 2Tx and 4Tx
· Modulation order
· 16QAM, 64QAM, 256QAM
· Antenna configuration

· ULA Medium correlation (α=0.3, β=0.9)

· ULA Medium A correlation (α=0.3, β=0.3874)

Figure 1 and 2 show simulation results for TM4 and TM9 for R-ML and LMMSE receiver. For 4 Tx case, we ran simulation only for TM4 with 16QAM. From the simulation results, it can be observed that

· For ULA medium correlation channel, performance gain of R-ML receiver over LMMSE receiver is very small. It does not seem feasible to specify PDSCH demodulation test that can differentiate R-ML and LMMSE receiver performance

· For ULA medium A correlation channel, performance gain of R-ML receiver over LMMSE receiver is large for 16QAM modulation. For 64QAM and 256QAM modulation, performance gain reduced since R-ML receiver provides better performance than LMMSE receiver by utilizing the fact that inter-stream interference has discrete constellation. 

· UE can achieve better performance with TM4 4 Tx antenna than TM4 2 Tx antenna. The gain is mainly coming from higher precoding gain since simulation was run with feedback PMI. However, performance gain of 4 R-ML receiver over LMMSE receiver is similar between 4 Tx and 2 Tx case. 

Proposal 1. Consider ULA medium A correlation (α=0.3, β=0.3874) and 16QAM modulation for rank 2 PDSCH demodulation test with 4 Rx SU-MIMO UE.

Proposal 2. Consider only 2 Tx antenna for rank 2 PDSCH demodulation test with 4 Rx SU-MIMO UE.
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Figure 1. TM4 rank 2 PDSCH demodulation performance
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Figure 2. TM9 rank 2 PDSCH demodulation performance

2.2. Enhanced SU-MIMO receiver for rank 3/4 PDSCH

For rank 3/4 PDSCH, following was agreed in WF [2].
Candidate scenarios for initial analysis

· Transmission mode

· TM3 with rank 3

· TM4 with rank 4
· TM9 with rank 4
· Modulation order

· 16QAM, 64QAM, 256QAM
· Antenna configuration

· ULA Medium correlation (α=0.3, β=0.9)

· ULA Medium A correlation (α=0.3, β=0.3874)
· XPOL Medium A correlation (α=0.3, β=0.6, γ=0.2)
Figure 3-5 show simulation results for TM3 rank 3, TM4 rank 4 and TM9 rank 4 respectively. We can observe that
· In XPOL medium A correlation channel, LMMSE and R-ML receiver provide similar performance for TM3 rank 3 and TM4 rank 4 case. There is small performance gain in TM9 rank 4. 

· In ULA medium correlation channel, we cannot achieve peak throughput in most of TM/rank/modulation combination. The only exception is R-ML receiver performance for TM3 rank 3 with 16QAM modulation but this case also requires 35dB SNR to achieve peak throughput. 
· In ULA medium A correlation channel, R-ML receiver can achieve 70% peak throughput at around 20dB for 16QAM and at around 30dB for 64QAM. Also, R-ML receiver provides large performance gain over LMMSE receiver. For other TM/rank/modulation combination, R-ML receiver cannot reach peak throughput. 
From the simulation results, it’s like the only feasible scenario is TM3 rank 3 with 16QAM modulation in ULA medium A correlation. For TM9 rank 4 with 16QAM modulation in XPOL medium A correlation channel, the performance separation between R-ML and LMMSE receiver is only 1.5dB. 
Proposal 3. Consider TM3 rank 3 with 16QAM modulation in ULA medium A correlation for SU-MIMO demodulation test for higher rank. 
Proposal 4. Further investigate whether TM4 rank 3 with 16QAM modulation in XPOL medium A correlation is feasible for test case definition. 
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Figure 3. TM3 rank 3 PDSCH demodulation performance
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Figure 4. TM4 rank 4 PDSCH demodulation performance
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Figure 5. TM9 rank 4 PDSCH demodulation performance

2.3. SU-MIMO test with interference
In RAN4 #80bis meeting, there was a proposal to consider SU-MIMO demodulation test in the presence of inter-cell interference. WF [2] captured this proposal as
· Other scenarios are not precluded and companies are encouraged to bring further inputs
· FFS if inter cell interference scenarios are considered
In Rel-12 SU-MIMO WI, RAN4 introduced TM3 PDSCH demodulation test in medium correlation channel in the presence of TM1 interference to verify IRC functionality of SU-MIMO receiver based on input in [4]. According to [4], main motivation for introducing such test was
SU-MIMO advanced receiver can be applied obviously even in asynchronous NW, therefore SU-MIMO should be assumed in the asynchronous NW. From this perspective, we consider that at least following implementations should be applied appropriately for SU-MIMO advanced receivers to suppress or whiten the inter-cell interference.

•
CWIC based on Rel.11 MMSE-IRC as linear processing to suppress inter-cell interference

•
R-ML with whitening filter to treat inter-cell interference as additive white Gaussian noise (AWGN)

If we review related Rel-12 discussion on multi-cell test for SU-MIMO receiver, It’s like RAN4 decided to introduce the test based on performance gain of SU-MIMO receiver with IRC functionality over SU-MIMO receiver without IRC functionality or IRC receiver without SU-MIMO capability. 
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Figure 6. Typical receiver implementation with IRC functionality
Figure 6 illustrates typical UE receiver implementation with IRC functionality. IRC functionality consists of noise and interference estimation and whitening. Whitening applies to both received signal vector and channel matrix, which can be represented as 


[image: image18.wmf]WH

H

Wy

y

=

=

w

w


Demapper operates on whitened received vector and channel matrix as shown in figure 6. It should be noted that IRC operation is independent of subsequent demapper operation. UE applies same IRC operation irrespective of PDSCH transmission mode, rank and modulation order. Furthermore, RAN4 specified separate PDSCH demodulation test to verify proper implementation of IRC operation for both 2 Rx and 4 Rx UE. Additional SU-MIMO demodulation test for IRC operation is redundant and unnecessary. If some argues that we cannot guarantee proper IRC receiver implementation for SU-MIMO receiver unless we have a separate test for that, how can we guarantee proper IRC receiver implementation for TM3 MMSE receiver, TM9 MU-MIMO receiver, TM9 receiver with MBSFN subframe or TM10 receiver? Our answer to this question is that RAN4 should assume that UE can support concurrent features if each feature is verified by corresponding test and there is not a strong reason to suspect that concurrent support of the feature requires different UE implementation. 
Proposal 5. Remove SU-MIMO test with inter-cell interference defined in 8.2.1.3.1C 8.2.2.3.1C since IRC test for SU-MIMO receiver is redundant and unnecessary. 

3. Conclusions

In this contribution, we provided simulation result for TM9 MU-MIMO demodulation test for 4 Rx UE with channel output duplication. Our observations and proposals are 

Proposal 1. Consider ULA medium A correlation (α=0.3, β=0.3874) and 16QAM modulation for rank 2 PDSCH demodulation test with 4 Rx SU-MIMO UE.

Proposal 2. Consider only 2 Tx antenna for rank 2 PDSCH demodulation test with 4 Rx SU-MIMO UE.

Proposal 3. Consider TM3 rank 3 with 16QAM modulation in ULA medium A correlation for SU-MIMO demodulation test for higher rank. 

Proposal 4. Further investigate whether TM4 rank 3 with 16QAM modulation in XPOL medium A correlation is feasible for test case definition. 

Proposal 5. Remove SU-MIMO test with inter-cell interference defined in 8.2.1.3.1C 8.2.2.3.1C since IRC test for SU-MIMO receiver is redundant and unnecessary. 
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